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Some oncogene alterations clearly represent steps in tumor progres-
sion. An example is the amplification of the myc family of oncogenes in
neuroblastomas and in small-cell carcinomas of the lung (Br84, Na86).
This amplification is often cytogenetically evident in the form of double
minute chromosomes consisting of repeated chromosomal pieces, includ-
ing the oncogene in question. In these instances amplification signifies an
advanced stage of disease and carries a poor prognosis.

A role for oncogenes in the earliest stage of oncogenic transformation
could be better supported if individuals who carried such mutations in
their germ lines were found. This has not been found as yet in humans,
but susceptible mice have been produced experimentally by transgenically
introducing an activated oncogene into the germ line. Mice with a strong
predisposition for the development of lymphoma or mammary cancer have
resulted from the introduction of a c-myc gene, fused with an immunoglob-
ulin enhancer, or with the strong long terminal repeat (LTR) promoter
of the mammary tumor virus, respectively (Ad85, St84). The tumors are
clonally distinct, however, indicating that at least one somatic event oc-
curred subsequently in their development. This finding parallels results of
in vitro experiments showing a requirement for the activation of at least
two different oncogenes in the transformation of normal rat embryo cells
(La83a,b).

Ttimor-Suppressor Genes (Antioncogenes)

The second class of cancer genes that has been identified was discov-
ered through studies of individuals with inherited predispositions for spe-
cific cancers. For many cancers including carcinomas of colon, breast, lung,
stomach, ovary, uterus, kidney and bladder, glioma, melanoma, leukemias,
and lymphomas there is a subgroup of persons at higher than normal risk
by virtue of the fact that they have inherited a specific mutation. This type
of predisposition is transmitted in a Mendelian dominant fashion, although
the different underlying mutations vary in their penetrances. Well-known
examples of such predisposing conditions are familial polyposis coli (chro-
mosome 5, Wilms' tumor (chromosome 11), and the hereditary form of
retinoblastoma (chromosome 13). The latter tumor has been the prototype
in research on this group of genes (Kn85).

About 40% of the individuals with retinoblastoma carry germ-line
mutations that predispose them to the disease. The offspring of such
persons have a 50% risk of developing the tumor. About 30% of the
individuals with retinoblastoma have bilateral disease; all of the latter
carry the germ-line mutation. A small fraction of cases (3-5%) bear a
constitutional deletion in chromosome 13, a finding that has facilitated the